METHODS

Study Design and Population
Our cohort study was conducted using data from the North Carolina Jaycee Burn Center, a large, tertiary care referral burn center. All patients aged 18 years or older and admitted with burn injury, including inhalation injury only, between January 1, 2004 and December 31, 2013, were eligible for inclusion. Only a patient's first hospitalization, for their first burn, within the time frame was included for analysis. Patients were identified using the Jaycee Burn Center registry, which consists of data collected on all admitted patients in real time for reporting to the National Burn Repository. Registry data were validated using electronic medical records and manual chart review. Missing and illogical registry data were abstracted using similar methods. Patients were excluded if discharge date could not be determined (n = 36). Institutional review board (IRB) approval was obtained from the University of North Carolina at Chapel Hill.
Data Analysis
The distribution of demographics, burn characteristics, and inpatient mortality were compared across time, categorized into tertiles by year (2004) (2005) (2006) (2007) (2008) (2009) (2010) , and 2011-2013) using Kruskal-Wallis and χ 2 two-tailed tests. Demographics and burn characteristics were also compared across inpatient mortality using Wilcoxon-Mann-Whitney tests and Fisher's exact tests, where appropriate. A two-sided P value of <.05 was used to identify statistically significant differences across categories. Revised Baux scores were calculated using the methods described by Osler et al (2010) . 1 Yearly inpatient mortality rates, per 100 hospitalization days, were calculated using Poisson regression. Additionally, 30-day cumulative inpatient mortality was calculated using Kaplan-Meier survival curves. Admit date was used to categorize patients by year.
Cox proportional hazards regression models were used to estimate the relationship between admit year tertile and inpatient mortality. A multivariable model was adjusted for patient age (modeled as a linear spline with knots at 30, 45, 60, and 75 years old), sex, race/ethnicity (non-Hispanic Caucasian, non-Hispanic African-American, Hispanic, and nonHispanic other), burn mechanism (flame, scald, contact, and other), TBSA (modeled as a linear spline with knots at 20, 35, 50, and 65), and inhalational injury (present and absent). Potential confounding variables were selected based on previous burn research and clinical knowledge. The shape of age and TBSA were determined through functional form assessment. Because each component of the revised Baux score was included as a potential confounder, the score itself was not adjusted for in the multivariable models.
Additionally, to adjust for potential bias due to differential follow-up/hospitalization time across admit years, the multivariable Cox proportional hazards model described above was weighted using stabilized inverse probability of censor weights. 8 Briefly, the probability of being censored (ie, discharged alive) was estimated for each patient using a multivariable logistic model, which was adjusted for admit year, patient age, sex, race/ethnicity, burn mechanism, TBSA, and inhalational injury. Weights were stabilized using the marginal (ie, overall) probability of being censored, dependent on admit year tertile. Weights were truncated at 5 and 95% to adjust for inflated weights. After truncation, weights ranged from 0.93 to 1.06 (compared with 0.03 to 1006.86).
Effect measure modification assessment of the time-mortality relationship by burn size and inhalational injury was also conducted. Wald tests were used to identify significant modification. To visualize the estimated, marginal effect of TBSA on survival after adjustment, the predicted probability of 30-day inpatient mortality for each patient was averaged across each reported TBSA, and stratified by admit year tertile and inhalational injury status.
All statistical analyses were performed using SAS 9.4 (SAS Inc., Cary, NC).
RESULTS
Between 2004 and 2013, 5540 unique patients were admitted to the NC Jaycee Burn Center for burn injuries and included for analysis. Patient ages ranged from 18 to 95 years. The number of patients treated each year steadily increased during this time, with 354 patients admitted in 2004 and 868 patients admitted in 2013. Significant differences in sex, race/ethnicity, burn mechanism, TBSA, inhalation injury, and revised Baux score were observed across time periods (Table 1) . Over time, the admitted patient population has increased in the proportion of women and non-Hispanic White/Caucasians, and decreased in the proportion of flame injuries, inhalation injury, and median TBSA.
Overall, 4.4% of the cohort (n = 243) died during their hospitalization. Crude analysis shows a statistically significant decrease in inpatient mortality rates over time ( P = .009), with an initial 7.3 deaths Mortality was significantly associated with admit year tertile, patient demographics, and burn characteristics (Table 2) . Patients who died during hospitalization were more likely to be female and older. Additionally, patients who died were more likely to have flame injuries, have more extensive burns, and have inhalation injury. While the median TBSA among patients that died was 34 (interquartile range [IQR] 17-64), deaths were observed across the entire spectrum of burn sizes (range 0-100). Twenty-five patients (10.3%) who died had a TBSA <6. Similarly, deaths were also observed across the entire age range of the cohort (18-95 years), and patients who died had a median age of 64 years (IQR 51-77). Seventeen patients (7.0%) who died were under the age of 30, and 19.8% of deaths (n = 43) were among patients ≥80 years old.
After adjusting for patient characteristics, burn characteristics, and differential follow-up, there were no significant differences seen in mortality across admit tertiles (P = .56; Table 3 ). Patient characteristics that were significantly associated with mortality included race/ ethnicity (P = .005) and age (P < .0001). The hazard of inpatient mortality among other race patients was almost two times higher (HR 1.68; 95% CI 1.12, 2.52) compared with non-Hispanic White/Caucasian patients. Older patients were more likely to die, with the likelihood increasing as patient age increased. Specific age comparisons are described in Table 3 .
Burn mechanism (P = .01), TBSA (P < .0001), and inhalation injury (P = .008) were also significantly associated with mortality (Table 3) . Specifically, scald burns were associated with significantly lower hazard of mortality (HR 0.36; 95% CI 0.18, 0.72) compared with flame burns, and neither contact nor other burn mechanisms (chemical, electrical, radiation, "other burn") had significant differences in mortality compared with Table 3 ).
Patients with inhalational injury were 50% more likely to die during their inpatient hospitalization (HR 1.53; 95% CI 1.12, 2.09). The risk of mortality over time was significantly modified by TBSA (P < .001). Specifically, a decrease in risk in recent years was observed among patients with extensive burns (Figure 2 ). For example, compared with patients treated between 2011 and 2013 with 75% TBSA, patients treated between 2004 and 2007 with 75% TBSA were more than three times more likely to die (HR 3.69; 95% CI 1.35, 10.16), and patients treated between 2008 and 2010 with 75% TBSA were more than 2.5 times more likely to die (HR 2.82; 95% CI 0.99, 8.14). Although inhalational injury did not significantly modify the effect of admit year on survival (P = .07), the results suggest that improvements in inpatient mortality occurred only among patients without an inhalational injury ( Figure 2) .
DISCUSSION
This large, tertiary care referral burn center has maintained a low inpatient mortality rate for at least a decade. Moreover, a significant decrease in inpatient mortality among patients with extensive burns (≥75%) was observed in recent years (2011) (2012) (2013) . Despite this, the observed decrease in mortality between 2004 and 2013 was mostly explained by significant changes in the patient and burn characteristics of admitted individuals. In the past decade, adult patients admitted for burns are, on average, younger, have smaller burns, and present with fewer inhalational injuries, all of which are still significant predictors of mortality.
At least one other burn center has found similar findings in regard to low, but overall, unchanging mortality rates among their burn patients. Tompkins 7 recently reviewed 70 years of burn center records from Massachusetts General Hospital and found that among both adults and children, no significant decrease in mortality has been observed since 1984. He further suggests that if survival rates have been maximized among this population, future research should turn its attention to the quality of life after survival from these injuries instead of mortality.
Determinants of mortality remain related to severity of injury, with larger burns and inhalational injury being significant factors, and increased age, even after adjusting patient characteristics and time. However, while both age and TBSA are assumed to be linear in their relationship to mortality (eg, the change in risk between a TBSA of 20 and 40 is assumed to be the same as the change in risk between a TBSA of 60 and 80) when calculating the revised Baux score, 1 we determined linear splines were a better fit for both age and TBSA on the risk of mortality. These findings suggest that more revisions to the revised Baux score are needed to improve predictability. Advances in critical care, including early goaldirected therapies, balanced fluid resuscitation, and early excision and grafting, have revolutionized burn care and improved survival. [9] [10] [11] [12] Between 2004 and 2013, a significant decrease in inpatient mortality was observed among patients with extensive burns, and most at risk for morbidity and mortality. Extensive burns often lead to a profound and persistent hypermetabolic, hypercatabolic state, and patients are immunocompromised, at increased risk for infection, sepsis, and multisystem organ failure. [13] [14] [15] However, these patients do not represent the majority of cases seen, and no changes in inpatient mortality were observed among patients with smaller burns. Further improvements in burn care may have little impact on those patients already likely to survive (ie, those that require little if any resuscitation, those with very small burns, and those with no comorbidities). Other quality measures will need to be investigated for small burn injury survivors to discover ways to improve outcomes (ie, scar satisfaction, quality of life, functional outcomes). Our study suggests that improvements in inpatient mortality occurred only among patients without inhalational injury. The fact remains that inhalation injury increases the risk of mortality, whether or not one has a cutaneous injury, and there is no consensus across burn centers on the management of inhalation injury. Although the pathophysiology of inhalation injury is better understood today, the clinical impact of a particular inhalation injury cannot be prognosticated based on the diagnosis or severity of injury found on admission. Inhalational injury increases the risk of pneumonia, which is the leading cause of death among burns patients. 16, 17 The significant changes in "other" race are likely due to changes in race/ethnicity coding over time. That being said, further investigation is needed to account for the 2-fold increase in mortality in patients with "other" race compared with non-Hispanic White/Caucasian patients, even after other demographic and burn characteristic changes had been accounted for.
This study has a few limitations. First, only inpatient mortality was able to be analyzed in this study, and it represents only a portion of all deaths caused by burn injury. Future studies should focus on longterm morbidity and mortality outside of the initial hospitalization. Second, patients were observed for differing lengths of time, dependent on their inpatient length of stay, which is directly related to burn severity and year of admit, and could affect the results. However, inverse probability-of-censor weighting was used to account for the differential follow-up between patients to minimize potential bias.
Third, analyses were not adjusted for comorbidities, as they were not included in the burn registry until 2008. Studies have found that both the presence of comorbidities and the Charlson comorbidity score are associated with burn patient mortality. [18] [19] [20] Future research should look into whether the number of comorbidities or specific comorbidities (eg, diabetes) increases the risk of mortality. Finally, this analysis includes only one large, tertiary care facility and results may not be applicable to all burn hospitals, particularly if the patient population and burn characteristics differ. Overall, this analysis presents insight into the changing demographics and burn characteristics among burn injury patients during the past decade. Significant decreases in mortality were observed only among patients with very large burns. This study provides further evidence that burn injury research should shift from inpatient mortality to long-term outcomes and quality-of-life measures, as survival is no longer the exception but the standard.
